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© A thin film electroluminescent (EL) device which emits a luminescence in response to the application of an 
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THIN FILM ELECTROLUMINESCENT DEVICE 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a thin film electroluminescent (EL) device which emits a luminescence 
w in response to the application of an electric field, and more particularly to such a device which comprises 
ZnS as a host material and a rare earth element providing luminescent centers. 



2. Description of the Prior Art 

15 

The thin film EL devices presently in use comprise an EL film which is composed of ZnS serving as a 
host material and doped with Mn providing luminescent centers. These devices, however, are limited to 
yellowish organge in the color of luminescence. Accordingly, EL devices are desired which luminesce in the 
three primary colors, i.e. red, green and blue, as required for realizing a full-color luminescence. For this 

20 purpose, research is conducted on the use of rare earth elements as luminescent centers. For example, Tb, 
■Sm and Tm, when used, are thought to "produce green, red and blue luminescences, respectively. 

Such an EL film comprising the host material ZnS doped with a rare earth element is prepared usually 
by radio-frequency (rf) sputtering or electron beam vacuum evaporation using these materials, i.e. ZnS and 
a halide or oxide of the rare earth element, in combination. For example, an EL film (ZnS: Tb. F) prepared 

25 from a target consisting of the mixture of ZnS and the fluoride of a rare earth element (e.g. TbFs) by a 
sputter technique is known to have some degree of luminescence brightness (Unexamined Japanese Patent 
Publication SHO 61-273894). 

However, conventional EL devices comprising such an EL film containing the rare earth element still 
remain to be improved in luminescence brightness and efficiency for actual use. 

30 For example, with reference to the broken line in Fig. 1 representing the optical excitation spectrum of 
the above-mentioned ZnS:Tb. F EL film (Tb concentration: about 2 at. %) which produces a green 
luminescence, the spectrum has excitation bands at about 380 nm and about 335 nm, but the intensity of 
excitation is low. 

Although the excitation mechanism at the luminescent centers has yet to be fully explained, it appears 
35 likely that hot electrons accelerated by a high electric field and having high energy will collide with the 
luminpsf-flnt renters (direct rnllisinn e rritatinny nr the rarnmhinatinn energy nf electron-hole pairs released 
from the host ZnS upon impact ionization will be delivered to the luminescent centers by resonance transfer 
(band excitation). Accordingly, it is thought that the above-mentioned excitation bands correspond to these 
respective excitation mechanisms. Nevertheless, in the case of the direct collision excitation of luminescent 
40 centers of the rare earth element, it is difficult to achieve a greatly improved excitation efficiency since the 
luminescence of the rare earth ion is inherently due to forbidden transition. Further in the case of band 
excitation, the recombination energy of electron-hole pairs is transferred to the rare earth ion only with a 
very low efficiency and is predominantly converted to thermal energy. Presumably for these reasons, the 
conventional EL film is unable to exhibit a high excitation intensity at either of the excitation bands as 
45 indicated in the broken line in Fig. 1, failing to give sufficient luminescence brightness. 

To obviate tfre drawback, it is required to improve the crystallinity of the host by resorting to film 
forming techniques other than the conventional sputtering process and vacuum evaporation process, 
whereas difficulties are encountered in fulfilling this requirement in respect of amenability to quantity 
production and cost 

so The main object of the present invention, which has been accomplished in view of the above problem, 
is to improve the- luminescence brightness of EL films having luminescent centers afforded by a rare earth 
element. 
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SUMMARY OF THE INVENTION 



We have investigated in detail the relationship of the conditions for forming EL films or the material 
5 thereof with the excitation spectrum thereof and found that when ZnS:RE (RE stands for a rare earth 
element) films have an S to Zn atomic ratio, i.e. S/Zn. in excess of 1 (stoichiometric ratio), a complex center 
comprising the rare earth ion as combined with a detect in the host ZnS can be formed which has a high 
excitation efficiency to accomplish the present invention. 

The present invention provides a thin film EL device which comprises an EL film made of ZnS serving 
to as its host material and doped with a rare earth element to provide luminescent centers, the EL film having 
a ratio of S atoms to Zn atoms, i.e. S/Zn. in the controlled range of 1.02 £ S/Zn £ 1.13. insulating layers 
sandwiching the EL film, and a pair of electrodes provided on the respective outer surfaces of the insulating 
layers. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the optical excitation spectrum of a ZnS:Tb. S film and that of a ZnS:Tb. 
20 F film for comparison; 

Fig. 2 is a diagram showing the Tb concentration dependence of the S/Zn ratio of the same films; 
Fig. 3 is a diagram showing the Tb concentration dependence of the luminescence intensity of the 
same; and 

Fig. 4 is a diagram showing the Tb concentration dependence of the luminescence intensity of the 
25 ELdevice of the. invention. _ ^. •• 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



The host material, ZnS of the EL film of the invention has an atomic ratio S-Zn in the range of 1.02 to 
1.13. If this ratio is less than 1.02. a sufficient increase will not.be achieved in luminescence brightness, 
whereas if it is in excess of 1.13. the ZnS will exhibit impaired characteristics as a semiconductor and is 
liable to be lower in luminescence brightness and therefore unsuitable. 

as Examples of rare earth elements suitable for doping the EL film are those having an atomic number of 
59 to 69 (Pr to Tm), among which Tb. Sm, Tm. Eu and Pr are desirable. The proper element is selected m 
accordance with the desired luminescence color. The film is doped with such a rare earth element in an 
amount suitably of 0.5 to 3 at. %. 

The EL film is formed by the physical vapor deposition process resorting to sputtering, vacuum 

-33 — evap o rati on o r the li ke un a substrat e sui t a b l e f o r C L de vices a n d havin g on i ts surfaco an l-TO-or-Uke- 
electrode which is covered with an insulating layer. More specifically, the ti_ rum is prepareo. tor exampleT 
by radio-frequency sputtering or electron beam vacuum evaporation using ZnS and a sulfide of rare earth 
element, such as Tb 2 S 3 , Sm 2 S 3 , Tm 2 S 3 , as a compound for supplying the desired rare earth element. 
Since the process incorporates an excessive amount of S atoms into th9 film along with the rare earth 

45 element the S/Zn ratio of the EL film can be controlled to the range of 1.02 to 1.13 easily by adjusting the 
amount of the sulfide. For example. Tb2S 3 . when used, is adjusted to such an amount that 0.5 to 3 at % of 
Tb will be present in the film, whereby the S/Zn ratio Js controllable to the above range. Usually, it is 
suitable that the substrate temperature be 150 to 200* C for vacuum evaporation or 150 to 250 *C for 
sputtering. 

so Instead of using the sulfide of rare earth element, incorporation of an excessive amount of S atoms is 
also possible to effect vacuum evaporation or sputtering in the presence of H 2 S gas or with addition of 
elemen tal S to the material. 

It is further possible to form an EL film first with an S/Zn ratio of 1 .0 and thereafter heat-treat the film in 
an S gas atmosphere. 

55 Other processes, such as the ALE process and M8E process can also be resorted to. 
Generally, it is suitable that the EL film formed be 0.3 to 1 .5 urn in thickness. 

The EL film formed is then covered with an insulating layer, on which an electrode is further formed. 
When required, a protective layer of seal glass or the like, a layer filled with an inulating oil. other 
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attachment are provided on the resulting assembly to give a thin film EL device of the invention. Examples 
of useful insulating materials for the insulating layers of the present device are those usually used, such as 
AJsOa. Si02. Y:0 3 . Ti02. HfC>2 and S13N*. and a composite material composed of such compounds. Also 
usable are highly dielectric materials. Generally, it is suitable that each insulating layer be 0.05 to 1 .0 urn in 
s thickness. 

An ITO or like transparent electrode is used as at least one of the pair of electrodes. The other 
electrode can be. for example, a film of Al. Ni, Au or the like formed by vacuum evaporation. 



to Example 

An example is given below wherein an excessive amount of S atoms are supplied along with Tb in 
forming an EL film by using Tb sulfide (Tc^Sa) as a material for providing luminescent centers (rare earth 
element supplying compound). 

is An EL device of the following structure was prepared by the method described below. First, a glass 
substrate bearing a transparent electrode (ITO film) was coated with a lower insulating layer having a 
thickness of about 2000 angstroms and composed of SiaN< and Si02 by radio-frequency sputtering. A 
ZnS:Tb. S film, about 8000 angstroms in thickness, was formed over the layer similarly by radio-frequency 
sputtering using a finely divided mixture of ZnS and TbsSa as the target. The film was further coated with 

20 an upper insulating layer having a thickness of about 2000 angstroms and composed of S13N* and AI2O3 
Finally an Al film was formed on this insulating layer by vacuum evaporation to provide an upper electrode. 
For comparison, another EL device was prepared in the same manner as above except that TbFs 
conventionally used was employed in place of Tb2Ss to form a ZnS:Tb. F film. 

Fig. 2 shows variations in the S/Zn ratio of EL films at varying Tb concentrations. For .providing 

25 luminescent centers, Tb2Sa and TbF3 were used for the respective EL films (referred to as ZnS:Tb S film 
and ZnS:Tb, F film, respectively). When the Tb concentration is low. i.e. below about 0.5 at. %, the S/Zn 
ratio of either film is about 1 and is close to the stoichiometric ratio. At higher Tb concentrations, the S/Zn 
ratio of the ZnS:Tb, F film is 1 or lower, whereas the same ratio of the ZnS:Tb, S film tends to increase 
beyond 1 , indicating that an excessive amount of S atoms are incorporated in the film. 

30 Fig. 1, the solid line represents the optical excitation spectrum of the ZnS:Tb, S film having an S/Zn 
ratio of 1.025. At a peak wavelength of about 342 nm. the spectrum reveals a new band of very strong 
excitation which differs from direct collision excitation or band excitation. Fig. 3 shows the Tb concentration 
dependence of the luminescence intensity of the EL film when the new excitation band is selectively 
excited. At Tb concentrations of below 0.5 at. %, there is no difference between the ZnS:Tb, S film and the 

35 ZnS:Tb, F Film, but at higher Tb concentrations, the luminescence intensity of the ZnS:Tb, S film 
remarkably increases. This result closely matches the Tb concentration dependence of the S/Zn ratio of the 
same film shown in Fig. 2 and is attributable to the presence of an excess of S atoms, beyond the 
stoichiometric ratio, which affords a new excitation level of high efficiency. 

. . We_.nav.e_investigated_the_new„excitation band jn .detail. .as. to. the...temperature„.characteristics of the 
— *o — ex ei t a t i o n int en si t y, t h e i nf lue n c e of h ea t t r e a t ment on the intensity, the Tb co ii cu ii tiatio ii depen d enc e of the — 
intensity, etc. and found that the band is due to the presence of Tb related complexes associated with 
sulfur interstitials. 

Fig. 4 shows the Tb concentration dependence of the luminescence intensity of the EL device 
incorporating the ZnS:Tb, S film. The luminescence intensity steadily increases as the Tb concentration 

46 increases to about 2 at. % but conversely decreases as the concentration further increases. This is 
attributable to the absolutely small amount of Tb in the range of low concentrations and the diminished 
energy of hot electrons in the range of high concentrations where electrons are subjected to impurity 
scattering due to Tb, with the result that Tb is not excited efficiently in these concentration ranges. 
Accordingly, relatively high brightness is available in the Tb concentration range of 0.5 to 3 at. %. 

so As already stated, the excessive S atoms combine with Tb to form complex centers of high excitation 
efficiency, so that the concentration of excessive S atoms should be nearly equal to the Tb concentration. In 
view of the fact that in the ZnS film, Tb ion is present in the Zn site, the relationship between the S/Zn ratio 
of the film and the Tb concentration thereof can be expressed by the equation 

S/Z " - 50 - C Tb {1) 
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wherein C Tb is the Tb concentration (at. %). This relationship cfosely matches the experimental values 
indicated by the broken line of Fig. 2. It therefore follows that the SZn ratio required for the optimum Tb 
concentration range of 0.5 to 3 at. %. as calculated from Equation (1). is in the range of: 
1.02 £ S/Zn S t .13 

5 While Tb serves as the element for providing luminescent centers in the example given above, it is 
known that the eleven elements with an atomic number of 59 to 69. i.e. Pr to Tm. are the same as Tb in 
excitation process and closely resemble one another, so that the same effect as already described above 
can be achieved by these rare earth elements. 

To sum up. the present invention provides a thin film EL device of the ZnS type wherein a rare earth 

io element affords luminescent centers and which is adapted to achieve an increased excitation efficiency at 
the luminescent centers to exhibit improved luminescence brightness by making the-S,Zn ratio of the ZnS 
film greater than the stoichiometic ratio, that is by giving the film an S<Zn ratio of 1.02 to 1.13. 

The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the scope of the invention. 

is There are described above novel features which the skilled man will appreciate give rise to advantages. 
These are each independent aspects of the invention to be covered by the present application, irrespective 
of whether or not they are inciuded within the scope of the following claims. 

20 Claims 

1. A thin film EL device which comprises an EL film made of ZnS serving as its host material and 
doped with a rare earth element to provide luminescent centers, the EL film having a ratio of S atoms to Zn 
atoms (S/Zn) in the controlled range of 1.02 S S/Zn £ 1.13. insulating layers sandwiching the EL film and a 

25 .. pair of electrodes provided on the respective outer surfaces of the insulating layers, 

2. The EL device of claim 1 in which the rare earth element is selected from the group of those having 
an atomic number of 59 to 69. 

3. The EL device of claim 1 in which the rare earth element is Tb. Sm. Tm. Eu and Pr. 

4. The EL device of claim 1 in which the concentration of the rare earth element in the EL film is 0.5 to 
oo 3 at. %. 

5. The EL device of claim 1 in which the EL film is 0.3 to 1.5 m in thickness. 

6. The EL device of claim 1 in which the EL film is prepared by a sputtering or vacuum evaporation 
method using ZnS and a sulfide of the rare earth element. 

35 
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